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Introduction 15
New legislations such as the REACH (Registration, Evaluation, Authorization and 16 restriction of CHemicals) regulation in the EU will require that manufacturers of substances and 17 formulators register and provide prescribed eco/toxicological data for substances with volume 18 higher than one metric ton per year. It is estimated that about 30 000 existing substances have to 19 be registered by 2018 by member states (Ahlers et al., 2008) . The needed information has to be 20 equivalent to the standard information requirement and adequate to draw overall conclusions 21 with respect to the regulatory endpoints classification and labeling. Beyond specific regulatory 22 needs, the same questions concern chemical substances that are potentially present in the 23 with Dragon 5.5 (2007) . For the 215 compounds, 8600 values of molecular descriptors were 1 inputted in TyPol. Their ranges of values are indicated in Table 2 . 2 3
Partial least squares (PLS) regression 4
As stated in the introduction, PLS regression tries to find the multidimensional directions 5 in the observable variables (i.e. structural molecular descriptors) space that explain the maximum 6 multidimensional variance direction in the predicted variable (i.e. environmental parameters) 7 space. 8
Traditionally, individuals are presented as plots with two components however two axes 9
are not always the optimal choice. Therefore, in this work, the optimal number of axes to 10 perform clustering will be selected using the PRESS (Prediction Sum of Squares) criterion. In 11
addition, PLS can deal with missing values by using the NIPALS (Non-linear Iterative PArtial 12
Least Squares) algorithm. This algorithm allows performing PLS without removing the 13 individuals with missing values and without estimating these missing values (Tenenhaus, 1998) . 14 However, the less there are missing values the more accurate the final results are. 15 16
Domain of validity 17
The knowledge of the domain of validity of the final clustering is important to avoid 18 erroneous conclusions. A priori, TyPol does not have a domain of validity and can be applied to 19 all compounds. However, the use of the PLS algorithm can lead to compounds that are declared 20 atypical by the algorithm. These compounds can be identified using the T² of Hotelling 21 (Tenenhaus, 1998) . If the T² value of a compound is above a calculated threshold, the compound 22 is atypical on the PLS axes. Nevertheless, as one of the objectives of the method is to keep and to 23 calculated on the whole sample. The closer the clustering is to the targeted one, the more robust 1 the method is because it means that the chemicals which were removed during the PLS step are 2 still well-clustered. We can assume that if the method is robust when substances are removed, it 3 will be relevant when new ones will be tested. This also assesses the predictive quality of the 4 method. The cross-validation study was performed a hundred times using a standard bootstrap 5 procedure for different percentages of removed compounds, and the clusterings were compared 6 using the Adjusted Rand Index (Hubert and Arabie, 1985; Nguyen et al., 2009 ). This index is a 7 measure of the similarity between two different clusterings. The closer it is to 1 (respectively to 8 0), the more (respectively less) the two clusterings are similar. 9
Computing tools 11
The information system is based on a management system for relational database MySQL 12 DBMS-R (version 5.1), an Apache web server (version 2.2), and the statistical R software (also 13 used for graphs). The system is installed in a distribution Debian 6.0. The environmental 14 parameters and molecular descriptors are inserted into the management system relational 15 database server which interfaces with Tcl/Tk (Tool command language/Toolkit) made from the 16 R software and "RODBC" library (version 1.3-2) . Annotations on the data or results are also 17 stored in the same database. Since the web interfaces are easily editable, statistical analyses of 18 data are treated and helped by the R software Tcl/Tk interfaces. All data that are stored in the 19 DBMS MySQL-R can be viewed via the web interface phpMyAdmin (version 3.3). Data can be 20
imported from phpMyAdmin and new data can easily be inserted. Finally, TyPol was designed in 21 order to easily adapt to other research questions giving the users the choice of the variables (one 22 or several molecular descriptors, one or several environmental parameters), and of the 23 compounds (all compounds, one or several chemical family…). As the clustering will depend on 1 the needs of the users, no related risk assessment can be included in TyPol. 2 3 3. Results and discussion 4
For this proof-of-concept study, the use of TyPol will be illustrated by clustering the 215 5 compounds considering all structural molecular descriptors and all environmental parameters. 6
Therefore the results are specific of this case-study (as indicated above, the clustering depends 7 on the needs of the users). The first step in the use of TyPol is the chemical mapping to select the 8 number of components for the subsequent classification, then a hierarchical clustering is 9 performed to identify the optimal number of clusters to classify the organic compounds. For this 10 case-study, some P vap , Koc, DT50 and BCF trigger values are proposed to better characterize the 11 clusters (McCall et al., 1980; FOCUS, 2008; Regulation EC 1107 /2009 , 2009 ). These trigger 12 values were developed for pesticides, mainly as regulatory threshold values. For the need of our 13 proof-of-concept study, we assumed that they can be extended to any organic compound. 14 15
Chemical mapping by PLS 16
The choice of the number of PLS components is critical for the subsequent analysis and 17 classification. The number of components which gave the lowest PRESS was therefore selected, 18 it corresponded to the four first axes of the PLS. 19
The domain of validity of the analysis was studied by calculating the T² of Hotelling for 20 the 215 compounds. It appeared that 7 compounds were found as atypical by the four 21 components of the PLS: chlordecone, mirex, kelevan, fosetyl, di-isodecyl, di-isononyl, and 22 benzo(g,h,i)perylene. Indeed, it is well known that these compounds have an extreme behavior in 23 the environment: for example, chlordecone, mirex and kelevan are very persistent (Marchand, 24 14 1989; ATSDR, 1995; Cabidoche et al., 2009; Dolfing et al., 2012) contrary to fosetyl which has 1 a very low DT50 (PPDB, 2013); and di-isodecyl, di-isononyl, and benzo(g,h,i)perylene have 2 very high Kow values (PPDB, 2013) . Chlordecone, benzo(g,h,i)perylene, mirex and kelevan also 3 have very high connectivity indexes. Nevertheless, these compounds were taken into 4 consideration for the subsequent analysis because they could be representative of other 5 compounds. 6
The four-component PLS model has good statistical results: R² X =0.77, R² Y =0.90 and 7 Q² Y =0.44. These results shows that the PLS is a good model for the different compounds 8 included in TyPol. The first two components were the most important ones. The closer the 9 compounds are in this score-plot, the more similar they are (Fig. 2) . The main characteristic of 10 the first component, which explains 40% of the variance, is the strong positive loadings for all 11 the geometric and topological descriptors, and constitutional descriptors like the number of 12 chlorine or halogen atoms. A contrario, the dipole moment and the total energy have strong 13 negative loadings therefore have an opposite effect. The second axis explains 16% of the 14 variance. On this axis, variables such as the number of chlorine or halogen atoms have a positive 15 loading whereas the number of rotatable, double or simple bonds or the number of hydrogen, 16 oxygen or total atoms have a negative loading (Fig. 3 ). 
Clustering 1
Using a hierarchical clustering algorithm, several clusterings, from 1 (all compounds in 2 the same cluster) to 215 (all compounds in a different cluster), were obtained. The selection of 3 the number of clusters is an important and difficult task, which is usually performed by plotting 4 the heights of the dendrogram's node and looking for a break. The results showed that the best 5 choice was to classify the compounds in 6 clusters. The size of the six clusters varied from 3 to 6 52 compounds (Fig. 2, Table A3 ), each cluster being characterized by specific features. 7 Figure 4 shows the range of variations of the values of the 7 environmental parameters 8 for each of the 6 clusters. The importance of the different parameters can be evaluated in Figure  9 3, but Figure 4 provides a description of the characteristics of each cluster. The trigger value of 10 P vap is indicated to differentiate volatile and non-volatile compounds (there is no trigger value for 11 FOCUS, 2008) , that of Koc to differentiate mobile and non-mobile compounds (McCall et 12 al., 1980) , that of DT50 to differentiate persistent and non-persistent compounds (1107 ( /2009 2009), and that of BCF to differentiate compounds having or not a potential of bioaccumulation 14 (1107 ( /2009 ( EC, 2009 (Fig. 4) (McCall et al., 1980) , and low DT50 that is low persistence in the environment 22 (Regulation EC 1107 /2009 , 2009 (Fig. 4) . They also have the lowest BCF (i.e. low ecotoxicity, 23 Regulation EC 1107 /2009 , 2009 and Kow among the 6 clusters, which is consistent (Pavan et 1 al., 2008) , and the highest Sw (this is also consistent with low values of Kow) (Fig. 4) . Finally, 2 the compounds of cluster 1 have the lowest K H values (the lowest K H among the 6 clusters) 3 therefore the lowest volatility from water, but high values of P vap so high volatility from soil and 4 plant, and high risk of transfer to atmosphere (FOCUS, 2008) . 5
Twenty-one of the 30 compounds of cluster 2 are PCB (over 31 inputted in TyPol). There 6 are also 4 organochlorines (2 parent substances and 2 degradation products) and 3 PAH. 7
Compounds of cluster 2 have low dipole moment and high total energy. They also have the 8 lowest DT50 of the 6 clusters (rapid dissipation), low Koc (high mobility), but contrary to cluster 9 1, low Sw (and high Kow), and high BCF so high ecotoxicity (Fig. 4) . 10
Cluster 3 shares some common traits with cluster 2 in the first two axes. Nevertheless, 11 these two clusters are well separated in the two other axes of the PLS which are not plotted here 12 in a sake of compactness. Cluster 3 is composed of 52 compounds, including all PCDF, 12 13 organochlorines (9 parent substances and 3 degradation products), 9 PCB, all PCDD, and 10 14 PAH (13 in the study). The combination of high molecular weights and low number of hydrogen 15 atoms is related to low values of Sw (the lowest among the 6 clusters) and high values of Kow, 16 and to the highest values of BCF. The compounds of cluster 3 also have the highest DT50 among 17 the six clusters which means very high persistence in soils (Regulation EC 1107 /2009 , 2009 ) 18 (Fig. 4) . Finally, they have medium values of P vap and K H (moderate risk of transfer to 19 atmosphere) (Fig. 4) . 20
The cluster 4 contains 37 compounds including all strobilurin compounds, 6 of the 9 21 phthalates and 5 of the 6 triazoles. The main characteristics of this cluster are very high 22 connectivity indexes, polarizability, and number of hydrogen and carbon atoms for descriptors; 23 low values of DT50 and P vap , and medium values of K H for environmental parameters. The 1 compounds of this cluster have the highest Koc values among the 6 clusters, therefore low risk of 2 groundwater contamination (Fig. 4) . 3
Among the 45 compounds of the cluster 5, there are all dinitroanilines, 5 4 organophosphorous, 4 triazines, 4 urea, and 4 of the 5 chloroacetamides. This cluster is 5 characterized by important dipole moment and number of rotatable bonds for the structural 6 molecular descriptors, and medium values of P vap , K H , DT50, and Koc, with high Sw, and low 7
Kow and BCF for the environmental parameters. Few compounds of this cluster are closed to 8 those of cluster 1 in the first two axes of the PLS, but differences between these molecules are 9 more easily noticeable in the fourth axes of the PLS. 10
Finally, as showed on Figure 2 , cluster 6 is an extreme one. It contains mirex, kelevan 11 and chlordecone (in addition, chlordecone is a degradation product of kelevan, PPDB, 2013). As 12 discussed above, these three organochlorine insecticides have very particular chemical structures 13
and high persistence (high DT50) in the environment (bishomocubane family). They have 14 extraordinary high values of connectivity or valence connectivity indexes, polarizability, 15 molecular weight, number of chlorine and other halogen atoms; and extremely low values of 16 number of multiple bonds, total energy, HOMO energy. Considering the environmental 17 parameters, they have low Koc (high mobility), high BCF, that is high ecotoxicity, and high K H 18 (Dolfing et al., 2012; PPDB, 2013) (Fig. 4) . Even on the third and the fourth axes of the PLS, 19 these three compounds have extreme locations and cannot be aggregated with any other cluster. 20
The other compounds that were detected as atypical by the T² of Hotelling are clustered 21 in nearly all the clusters: cluster 1 for fosetyl, cluster 3 for benzo(g,h,i)perylene, and cluster 4 for 22 di-isodecyl and di-isononyl. 23
The robustness of the method was assessed, using the cross-validation method described 1 above, and found to be high and not depending on a low number of values. The Adjusted Rand 2 Index values were 0.92, 0.87, 0.84 and 0.80 if 1%, 10%, 20% and 50% of the compounds were 3 removed, respectively. As the real cluster of the removed molecules is generally found again, 4 these results show that the predictive quality of the clustering is high. Furthermore, as the 5 molecular descriptors and the environmental parameters were chosen to cover a wide range of 6 values, we can assume that a "new" compound will be clustered with a good quality of 7 prediction. This proof-of-concept study showed that TyPol could allow the classification of 8 organic compounds according to a particular behavior in the environment (i.e. similar values of 9 environmental parameters), which is related to the combination of the values of some specific 10 molecular descriptors. 11 12
Parents-degradation products relationships 13
To test the ability of TyPol to classify degradation products compared to their parent 14 compounds, 26 pairs of parents and degradation products were inputted (Table A2 ). The 15 clustering made above using all compounds was retained for the analysis (Table A3 ). Figure 5  16 shows the classification of the degradation products compared to their parents. Among all 17 degradation products, 58% (i.e. 15 degradation products) were in the same cluster as their 18 parents. Conversely, 42% (i.e. 11 degradation products) were not in the same cluster as their 19 parents: 6 degradation products originating from parents in clusters 4 and 5 were in cluster 1; 2 20 degradation products of parent in cluster 3 were in cluster 2; and 3 degradation products of 21 parents in clusters 1 and 4 were in cluster 5. These results are due to similarities (or 22 dissimilarities) in terms of structure and behavior between parent compounds and their 23 degradation products, but further tests need to be performed with other chemical families. The 1 classification of degradation products compared to the parent compounds will allow the 2 prediction of the behavior in the environment of potential degradation products and/or of 3 degradation products for which no data are available. In addition, the different routes of 4 degradation, i.e. biotic, abiotic (oxidation, dehalogenation…) will be added in the future to 5 investigate if the change in cluster between a compound and its degradation product(s) is related 6 to the type of degradation mechanism. 7 8
Conclusion 9
A novel approach, TyPol, for clustering organic compounds according to both their 10 behavior in the environment and their structural molecular descriptors is presented. The approach 11 is based on PLS regression and hierarchical clustering. TyPol considers simultaneously several 12 environmental processes (described by appropriate environmental parameters), and the 13 degradation products of compounds. 14 This proof-of-concept study, based on the classification of 215 organic compounds, 15
showed that the combination of the values of some molecular descriptors could be related to a 16 particular behavior in the environment. The robustness of the method was studied and 17 demonstrated to be good, as well as the statistical performances of the PLS regression. 18
Therefore, TyPol could help to predict the environmental behavior of a "new" compound from 19 its affiliation to one cluster or to select representative substances from a large data set in order to 20 answer some specific questions regarding their behavior in the environment. In addition, TyPol 21 takes into account the degradation products of organic compounds. The analysis is based on the 22 same methodology as above and highlights the similarities (or dissimilarities) between a parent 23 substance and its degradation product. One of the next steps of this work will investigate if the 24 20 change in cluster between a compound and its degradation product(s) is related to the type of 1 degradation mechanism (oxidation, epoxidation, hydroxylation…). Additional environmental 2 and ecotoxicological parameters, and molecular descriptors will also be included in TyPol to 3 refine the classification of compounds. 
